Due to the lack of a rigorous methodology and explicit criteria to distinguish between classifiers (C) and measure words (M), previous inventories of Mandarin C's, or geti liangci 個體量詞, vary greatly. Based on the insight that an M in a Chinese [Num C/M N] phrase is semantically substantive, while a C is semantically redundant and thus does not block numeral quantification or adjectival modification to the noun, this paper further proposes that while C/M both function as a multiplicand mathematically, with Num as the multiplier, C's value is necessarily 1 and M is not, thus ~1. Cognitively, however, the semantically redundant C serves to profile an inherent semantic feature of N and thus selects a narrow class of N's. With these explicit distinctions between C and M, we then re-examine the inventory of C's put forth in 國 語 日 報 量 詞 典 Mandarin Daily News Dictionary Keywords: classifier; measure word, profile, multiplicand, Taiwan Mandarin.
Introduction
Previous studies on Mandarin Chinese classifiers and measure words have come up with drastically different inventories. One crucial factor for the huge discrepancies is whether classifiers (C), as in (1) , and measure words (M), as in (2) , can be meaningfully and accurately distinguished. Even for those that do support a formal C/M distinction, such distinctions have not been made explicit, and many works on C/M simply assume that C and M are distinguishable and distinguish the two rather subjectively. An informal but insightful characterization is offered in Tai and Wang [1, p.38 
]:
A classifier categorizes a class of nouns by picking out some salient perceptual properties, either physically or functionally based, which are permanently associated with entities named by the class of nouns; a Classifiers in Taiwan Mandarin 3 measure word does not categorize but denotes the quantity of the entity named by noun.
For natural language processing, how to make a formal distinction is obviously an important issue, as one of the most distinctive characteristics of Chinese is the C's, not the M's. In spite of the same syntactic position C/M occupy in the [Num C/M N] sequence, in this paper we will fully justify the C/M distinction from three perspectives: semantic, mathematical, and cognitive. Section 2 first summarizes the explicit tests developed in [2] based on C/M's semantic distinction. Section 3 then characterizes the C/M distinction in set-theoretic terms. In section 4, we follow [2] and [3] and propose that C/M both function as a multiplicand mathematically, with Num as the multiplier, where C is necessarily of the value 1 and M is not. From a cognitive linguistic point of view, section 5 then approaches the issue from the standpoint of cognitive linguistics and shows that the semantically and mathematically null C nonetheless functions to profile an inherent semantic aspect of the head noun. This strict distinction of C versus M makes it possible to identify true classifiers in a language. A report is given in section 6 on the classifiers identified from the category of 'general measure words' listed in ] sequence must be turned into [Num C N] in Chinese, where the insertion and choice of C affects grammaticality and facility.
國語日報量詞典 Mandarin Daily News Dictionary

Formal Tests to Distinguish Classifiers and Measure Words
of Measure Words [13] , a dictionary based on Taiwan Mandarin data in the Sinica Corpus.
Her and Hsieh [4] observe that the two formal tests, i.e., de-insertion and adjectival modification, which proponents for the C/M distinction proposed previously, have been shown to be unreliable [5] [6] . However, based on the insight that M, but not C, constitutes a barrier to numeral quantification and adjectival modification, they refine the previous two tests and come up with much more reliable and accurate formulations (Test A, B). They also restate gesubstitution as a heuristic (Test C) and observe that temporary measure words are often restricted to the number yi 'one' (Test D). 
Semantic Distinction between Classifiers and Measure Words
Her and Hsieh [4] further employ the Aristotelian distinction between essential and accidental properties as well as the Kantian distinction
The semantic distinction of C/M can receive a mathematical interpretation in set-theoretic terms. In short, properties denoted by C do not contribute to the total compositional semantic content of the phrase. M, on the other hand, is semantically substantive in [Num M N] and thus does contribute semantic value specific to M only. This contrast can be made explicit in terms of set theory. between analytic and synthetic propositions to characterize the C/M distinction: C is semantically redundant; M is semantically substantive. Precisely, C indicates an essential property of the noun, and can be paraphrased as the predicate concept in an analytic proposition with the noun as the subject concept; M indicates an accidental property in terms of quantity, and can be restated as the predicate concept in a synthetic proposition with the noun as the subject concept. Given this characterization, M can be demonstrated to be more of a content word, thus open to innovations, while C is more a function word, thus forms a closed set resistant to innovations.
The fact that C does not contribute any semantic value to the semantics of the overall [Num C N] phrase is not because it has no semantic value itself; rather, again, it is because it does not contribute any semantic property that the noun does not already possess. This total overlap of semantic properties between C and N is the reason why modification or quantification on C is also on N. M, on the other hand, does contribute semantic properties to the [Num M N] phrase that N does not possess, and any modification or quantification on M thus does not extend to N. Therefore, the following three expressions with the same Num and N share exactly the same truth value, i.e., three fish, in spite of the different C's: 三隻魚 san zhi yu = 三條魚 san tiao yu = 三尾魚 san wei yu; yet, with each C replaced with a different M, each expression now has its own unique truth value, e.g., 三磅魚 san bang yu 'three pounds of fish' ≠ 三箱魚 san xiang yu 'three boxes of fish' ≠ 三打魚 san da yu 'three dozens of fish'.
Classifiers and Measure Words as Multiplicands
Most importantly, extending and integrating Landman's [7] view of C/M as parcelers, Borer's [7] insight that classifiers in Chinese and the plural suffix /-s/ function the same as dividers, and Au Young's [9] [10] findings of the mathematical multiplication basis of classifiers, we propose that there is a multiplication relation between Num and C/M, i.e., [Num C/M] = [multiplier × multiplicand], but the crucial C/M distinction in terms of their mathematical value is that C's value is necessarily 1, and M's value is not necessarily 1, thus ~1. In other words, an M can have any mathematical value, permanent or temporary, numerical or non-numerical, as long as it is not necessarily 1, while a C must always be translated to the numerical value of 1 and 1 only.
The mathematics proposed here that C is the multiplicand of the value 1 also formalizes the long-standing view that C serves to individuate the following N (e.g., [11] and [12] ). Furthermore, the mathematics of C/M also provides another explanation why expressions with the same Num and N shall have the same truth value regardless of the different C's used, e.g., again, 三隻魚 san zhi yu = 三條 魚 san tiao yu = 三尾魚 san wei yu, but the same is not true for M, e.g., again, 三 磅魚 san bang yu 'three pounds of fish' ≠ 三箱魚 san xiang yu 'three boxes of fish' ≠ 三打魚 san da yu 'three dozens of fish'.
Thus, C, as the (redundant) multiplicand 1, can be omitted, if stylistically required, without affecting the truth value of the nominal phrase, but M cannot.
Mathematical Distinction of C/M
Under this view of simple mathematics, the many classifiers in Chinese, while denoting an intricate system of classifying nouns, can be seen as many ways to profile some intrinsic semantic aspects of the nouns and ultimately the mathematical value of one. The concept of profile will be presented in the next section. This mathematical interpretation of C/M further explains why C, as the superfluous multiplicand 1, may be optional, while M is obligatory, and also why C is semantically null and thus transparent to numeral quantification and adjectival modification, while M is not. Finally, note that under this mathematical interpretation of C/M, English lacks measure words altogether, given the fact that its multiplicand is restricted to 1 and grammaticalized as the nominal suffix -s and thus no longer part of the numeral and must be part of the head noun. Thus, Borer [8] , contra to common misconceptions, is exactly right that English plural maker /-s/ is a C. We thus follow through and claim that while English plural suffix /-s/ is a C similar to the Chinese generic C ge, English has no measure words and putative M's should in fact be treated simply as common nouns.
Distinction between Chinese and English
e.g., 3 × 1book = 三本書; 3 × pile book = 三堆書 English: [Num X N], Num>1 and X=1 (C) e.g., 3 × 1book = 3 -s book = 3 books; 3 × 1pile = 3 -s pile = 3 piles
Classifiers as Profilers
Besides the functions of a pacrcler [7] , divider [8] , and multiplicand [9] [10], which C/M have in common, C, being semantically and mathematically redundant, is shown to have the unique function as a profiler [13] . The notion of profile/base segregation has a strong connection to gestalt psychology, a comprehensive model of perception organization. Langacker [14] illustrates the notion of domain/profile by the example of circle/arc. Similarly, Hsieh [6] and Her [3] argue that in a [Num C N] phrase, N can be seen as the base, or likewise the 'frame', in the sense of Fillmore's frame semantics [15] , and C the profile. Below, in the example of 一把壺 yi ba hu 'a teapot', it is shown that the teapot provides the frame or base for ba to profile, or to highlight, the handle, an inherent semantic feature of teapot. 
Identifying True Classifiers in Taiwan Mandarin
Based on the discussions above, we are now able to properly define C/M, both occurring between Num and N and serving as the multiplicand mathematically, with Num as the multiplier. However, C serves as an individuating unit, which also must profile a (bundle of) inherent semantic feature(s) of an N that denotes an intrinsically discrete entity; thus, mathematically, C's value is necessarily numerical and precisely 1. M, on the other hand, whose mathematical value can be anything except 1 and thus may or may not be numerical, provides a measuring unit of N and thus does not profile any inherent semantic feature of the N. Consequent of these properties, C/M can be distinguished by the formal tests developed in section 2.
Only with such a precise characterization of C, is it feasible and practical to attempt a comprehensive list of C's in a language. However, we do not intend to provide such a comprehensive list of C's in Taiwan Mandarin and will only attempt a partial list based on Mandarin Daily Dictionary of Chinese Classifiers [16] (MDDCC hereafter).
2 MDDCC was compiled with data from the Academia Sinica Balanced Corpus of Modern Mandarin Chinese, a corpus that largely reflects Taiwan Mandarin. Seven categories of measure words (C/M) are identified, and the first category, called 一般量詞yiban liangci 'general measure words', is intended to be precisely what is defined as C in this paper. Table 1 shows the 173 C's listed in MDDCC. 
For example, in this paper we will not discuss event measure words, another class identified in MDDCC, even though many of them can also be found to be genuine C's. For a more comprehensive inventory of C's in Taiwan Mandarin, the reader is referred to the second author's MA thesis [19] , for which the first author again served as the advisor. 3 In the introduction section of MDDCC, it is stated that a total of 174 general measure words are listed in the dictionary. However, we were able to find only 173 of them, in spite of repeated efforts.
Classifiers in Taiwan Mandarin
In one the introduction sections of MDDCC, entitled The Usage and Classification of Measure Words, the editors in fact offer no explicit criteria for the selection of these 174 C's. The only relevant characterization is this:「一般 量詞是最典型的量詞…和數詞搭配用來記量物品的數量」(General measure words are the most prototypical measure words…they collocate with numbers and are used to count the number of things ) [16, p.10-11] . One of the several examples given in this section, 蔥 兩 把 cong liang ba 'green-onions, two handfuls', in fact involves 把ba 'handful' as an M, not C. 4 According to [17] , a paper co-authored by the first editor of the dictionary, there are two ways to distinguish C/M that can be found in the relevant literature. One is by way of the de-insertion test, where a [Num C] sequence resists deinsertion, while -de can be freely inserted after [Num M]. Recent works, most notably [4] , [5] , and [18] , have proven this test highly unreliable, using both corpus data and solicited data. What we have adopted in this paper is Test B in section 2, where only the Num 1, thus [yi C], is found to be resistant to deinsertion. The other criterion advocated in [17] is based on the informal characterization by Tai and Wang [1] , quoted in section 1, i.e., C categorizes a particular type of N and also picks out a salient property of N, but M does not. These informal criteria can be rather subjective. In comparison, our methodology, while maintaining Tai and Wang's [1] conception of C/M distinction and reinterpreting it in terms of the concept of profiling, employs the three sets of formal tests developed in section 2 and also the mathematically precise test that C has the exact value of numeral 1 and M does not. [16, p.11] . These are M's, not C's, as the reader can run the tests and find out, for they all have mathematical values that are not 1 and do not profile any inherent feature of the N. Thus, it seems that, like most, if not all, previous inventories of C's, the selection in this dictionary is also based on rather subjective judgments.
A more serious misconception is the inclusion of measure words that refer to groups or collections: 「…有些一般量詞則是用來記量物品組成集合後的數量，如 「一群人、一對手錶、一束花、一批外套」。」(…some of the general measure words, however, refer to a collection of entities, for example, 'a group of people', 'a pair of watches', 'a bundle of flowers', and 'a batch of coats'.)
We have therefore carefully re-examined the 173 items and come up with a revised list of true classifiers. In order to be more accurate, Table 2 shows the 76 items that are C's and C's only, and Table 3 shows the 21 items that can function as both C's and M's. Thus, out of MDDC's 173 putative C's, all together only 97 are confirmed to be genuine C's. A total of 76 items in MDDC's 173 C's are in fact M's, not C's, as shown in Table 4 . 
Concluding Remarks
The precise distinction of classifiers (C) and measure words (M) in a classifier language like Chinese is an important issue for natural language processing, as one of the most distinctive characteristics of Chinese is its C's, not its M's. For example, in a machine translation system for Chinese and English, most C's in Chinese have no counterparts in English, while most M's do, and in the reverse direction, while most M's in English can receive straightforward translations in Chinese, [Num N count ] sequences must be turned into [Num C N] in Chinese. The insertion of a semantically appropriate C is crucial for grammaticality as well as facility. Based on Her and Hsieh's [4] insight that M in a Chinese [Num C/M N] phrase is semantically substantive, while C is semantically redundant and thus does not block the numeral quantification or the adjectival modification to the noun, this paper further proposes a formal distinction of C/M from a mathematical perspective. Synthesizing the concepts of parceler [7] , divider [8] , and multiplicand [9] [10], we follow [2] [3] and propose that while C/M both function as a multiplier mathematically, C's value is necessarily 1 and M is not, thus ~1. The semantically null C nonetheless functions to profile an inherent semantic aspect of N. Finally, based on these strict distinctions of C versus M, a report is given on the true classifiers identified in國語日報量詞典 Mandarin Daily News Dictionary of Measure Words [16] .
